Various measures have been used to estimate height when assessing nutritional status. Current equations to obtain demispan equivalent height (DEH Bassey ) are based on a small sample from a single study. The objectives of this study were to develop more robust DEH equations from a large number of men (n = 591) and women (n = 830) aged 25-45 y from a nationally representative cross-sectional sample (Health Survey for England 2007). Sex-specific regression equations were produced from young adults' (aged 25-45 y) measured height and demi-span to estimate new DEH equations (DEH new ) .
Introduction
Height and weight are important measurements used in the calculation of BMI, an indicator of nutritional status and predictive of future ill health (1, 2) . In older people, a height measurement may not necessarily reflect maximum attained height (3, 4) because of loss of height with aging (5), as well as inaccuracies in obtaining measurements in older people, or due to spinal deformities such as kyphosis. Alternative height measurements such as arm-span (6,7), knee height (8, 9) , and demi-span (10-13) have been used in some epidemiological studies among older people, for the interpretation of spirometric data (1, 6) , and in people for whom a standing height measurement is not possible (14) (15) (16) .
Demi-span (defined as the distance between the mid-point of the sternal notch and the finger roots with the arm outstretched laterally) has been included in most years of the Health Survey for England (HSE), 4 because it can be easily measured without causing discomfort or distress, is more reliable than other surrogate measures in the assessment of nutritional status in adults (8, 9, 17) , and is considered a better measure for assessing BMI (18) . For this, a demi-span equivalent height (DEH) using the Bassey equations (10) can be used in BMI calculation.
The Bassey equations (10) are limited in usefulness for estimating maximal adult standing height from the demi-span measurement, because they are derived from a small sample of young adults (125 people). The equations were derived to be sex specific, but not age specific. New equations have been developed (19) to predict current height in older people based on an elderly Spanish population.
Mean height has increased by~0.3-3.0 cm/decade over the last century (20, 21) . For example, a 1-cm leg length difference has been reported between members of the 1946 and 1958 birth cohorts (22) . This marked cohort effect means that DEH equations need to be updated for subsequent cohorts. New and potentially more robust equations can be derived using height and demi-span data from a large sample of young adults to estimate maximal height from demi-span. 1 Supported by the National Health Service (NHS) Information Centre (funded The Health Survey for England 2007). The authors are currently funded by the NHS Information Centre to work on subsequent Health Surveys for England. The views expressed are those of the authors, not of the funders. 2 Author disclosures: V. Hirani, F. Tabassum, M. Aresu, and J. Mindell, no conflicts of interest. 3 Supplemental Tables 1 and 2 are available with the online posting of this paper at jn.nutrition.org. * To whom correspondence should be addressed. E-mail: v.hirani@ucl.ac.uk.
Our aim in this paper was to derive new equations from a large, nationally representative, randomly selected population sample of adults aged 25-45 y, investigate how closely the results of the new DEH compare with measured standing height, determine whether these equations provide a better estimate of maximal adult height, and assess whether these equations can be used among people aged $65 y.
Methods
Data. The HSE is a continuous cross-sectional survey that examines the health of people living in England that has been conducted annually since 1991. Each year, a new, representative sample of the population living in private households is selected (23) . In the multi-stage stratified sampling process for HSE 2007, 13,680 addresses were drawn randomly from the Postcode Address File. Up to 10 resident adults (aged $16 y) at each selected private household address were eligible for inclusion in the survey. Full details of the sampling method have been published elsewhere (23) .
At the interview stage, participants had height measured using a portable stadiometer, with a sliding head plate, a base plate, and 3 connecting rods marked with a metric measuring scale. Measurements were taken according to standardized HSE protocols. The measurement was taken without shoes, with the participant stretching to the maximum height and the head positioned in the Frankfort plane. The reading was recorded to the nearest millimeter. Participants who were ill, chairbound, or unsteady on their feet or where the nurse felt a reliable height measurement would not be obtained were not measured (24) .
At the nurse visit, demi-span was measured in participants aged 25-45 y and also among those aged 65 y and over using standard HSE protocols. Demi-span measurements (the distance between the mid-point of the sternal notch and the finger roots with the right arm outstretched laterally) were made using a metal retractable tape. The measurements were taken to the nearest even millimeter. Measurements that the nurse considered unreliable, e.g. due to excessive clothing, were excluded from the analysis (23) . Quality assurance techniques included field staff being trained on how to take measurements according to a standardized protocol (23) (taking repeated measurements on individuals during the training days to test the repeatability of measurements, which were taken again by the trainer to check for accuracy). Staff also had regular refresher training annually, as well as periodically being observed in the field by nurse supervisors, who were particularly experienced.
Ethics. Participants gave verbal consent to the interviewer and the nurse for having measurements taken. Ethical approval for the survey was obtained from the London Multi-center Research Ethics Committee.
Statistical analysis. Data were analyzed using SPSS v15. The normality of the distribution for each of the measurements was confirmed by Kolmogorov Smirnov-test, histogram, and QQ-plot. The data were checked to ensure that there were no outliers for the demi-span and height measurements. The data were weighted to take into account the sampling probabilities and nonresponse in the survey (24) in line with usual practice for government surveys since 2003 (23) . To determine DEH using data from participants aged 25-45 y, prediction equations were developed by simple linear regression analysis and by specifying robust SE to take into account the natural clustering of the data. The equations were derived separately for men and women, with measured height as the dependent variable and demi-span as the independent variable. The following formula was used: measured height = a + b (demispan), where a represents the intercept and b the coefficient of demi-span.
Descriptive tables report the main characteristics (mean 6 SD) for participants aged 25-45 y and $65 y, in 5-y age groups by sex. The Wald test was used to examine any trends across the age groups.
Agreement analysis as described by Bland and Altman (25) was used to investigate how closely the results of DEH compared with measured standing height at an individual level. Significance was accepted at a P-value of ,0.05. Agreement was assessed by plotting the difference between the 2 measurements against the mean of the 2 measurements. The limits of agreement were defined as the mean difference 6 1.96 SD. Paired t tests were used to assess any significant differences between measured height and the DEH, by 5-y age group, for each sex.
Measured height and DEH new were compared with DEH Bassey in the older participants. DEH Bassey was calculated using the following equations (10) 
Results
Basic characteristics of participants. Valid height and demispan measurement were obtained at the nurse visit from 591 male and 830 female participants aged 25-45 y (59% of the 2390 of that age group interviewed). Nearly 86% of participants were White. Demi-span measures did not differ between the White (79.5 6 5.4) and non-White population (79.6 6 5.4). Among those aged $65 y, valid height and demi-span measurements were obtained by the nurse from 452 men and 516 women (60% of the 1622 of that age group that were interviewed). Similarly, mean demi-span measures did not differ between the White (77.3 6 5.1) and non-White (79.2 6 5.5) older population.
The following prediction equations were developed to calculate DEH new based on participants aged 25-45 y. The robust SE are given in parentheses: These analyses were also repeated including respondents' age in the prediction equation both as a main effect and as an interaction with demi-span. For both men and women, age was nonsignificant and the estimates of demi-span and the constant terms were the same as those reported in this paper without including age.
In men aged 25-45 y, measured height, DEH new , and demispan did not vary by age. However, in women in this age range, measured height, DEH new , and demi-span tended to be less with increasing age; younger women were slightly taller and had greater DEH new and demi-span compared with older women (P , 0.05 for all the measures). Men aged 25-45 y had significantly greater height, demi-span, and DEH measurements than women overall and in the 5-y age groups ( Table 1) . In both men and women aged $65 y, height, demi-span, DEH new , and DEH Bassey declined by age group (P , 0.05 for all the measures; Table 2 ).
Differences between measured height and DEH new in young adults. Only men aged 25-29 y had a higher DEH new than height measurement (0.68 cm; P = 0.04); there were no significant differences in either sex in any other age groups ( Table 3) .
Bland-Altman analysis showed a good agreement between measured height and DEH new , because the limits of agreement were not wide (Table 3) ; ,3% of men and women had their height overestimated or underestimated by using DEH new , outside the limits of 6 1.96.
Cross-classification of participants by quintiles of measured height and DEH new showed that few men and women had their measured height and DEH new in different quintiles, e.g. 3% of men and 1% of women whose height was in the first quintile of measured height had their DEH new in the 5th quintile (Table 4) . Likewise, only 1% of men and women whose height was in the 5th quintile had a DEH new in the first or second quintile.
Differences between height and DEH new in people aged $65 y. The agreement analysis of measured height and DEH new , as a proxy for maximum adult height in people aged $65 y, shows that for all these older age groups in men and women, DEH new overestimated the measured height ( Table 5 ). For participants $65 y, height was overestimated by 2.64 cm in men and 3.16 cm in women. Furthermore, the limits of agreement were wide for men and women, indicating poor agreement between height and DEH new (Fig. 1A,B) .
Measured height and DEH Bassey did not differ significantly in men ,80 y, but the mean difference was significant for all ages in women (Table 5) . However, the limits of agreement for men and women were also wide, indicating poor agreement between height and DEH Bassey among people aged 65 y (Fig. 1C,D) .
Differences between DEH new and DEH Bassey in people aged $65 y. Estimation of maximal height in older people using DEH new was larger than when using DEH Bassey (Table 5 ). The mean difference between DEH new and DEH Bassey among men aged $65 y was 2.32 cm, while in women, the mean difference was 0.91 cm. The limits of agreement were up to 2 cm in men and 1 cm in women, showing good agreement between DEH new and DEH Bassey .
Discussion
The findings from this study show a close agreement between measured height and newly derived DEH new in the younger population, indicating that DEH new can be used as a proxy for height when a height measurement cannot be obtained. This is of importance, for example, when screening individuals for malnutrition, e.g. on hospital admission. However, the use of the new equations among people aged $65 y resulted in larger DEH new than both the measured height and DEH Bassey values in men and women. Because both demi-span and measured height have increased by~1 cm in men aged $65 y and women aged $75 y since 1994 (Supplemental Tables 1 and 2 ), this confirms that the regression equations for estimating DEH need to be revised periodically to allow for the population becoming taller. The new regression equations based on demi-span measured in adults aged 25-45 y in 2007 to predict maximal adult height gave significantly higher values (DEH new ) than results using DEH Bassey in every age group in both sexes, although the changes by age were very similar. The expected effect of osteoporosis on measured height occurring at younger ages in women than in men was reflected in the pattern of differences between DEH Bassey and measured height in women but not for DEH new .
The main strengths of this study are the use of data from a large and nationally representative sample of the general population. The new DEH equations are based on measurements in 1421 individuals, more than a 10-fold increase in sample size over the currently used equations (10) .
We used Bland Altman analysis, which is recommended for use when investigating the agreement between 2 different methods for measuring the same parameter at an individual level (25) . This method is preferred to correlation coefficient in this context, because correlation coefficient only measures the strength of a relationship between 2 variables, not the agreement between them. Furthermore, a high correlation does not necessarily mean a perfect agreement between 2 methods (25) .
There are some limitations in that this study is based on crosssectional data, not cohort data, so we cannot rule out the possibility that the lower values for demi-span in older age groups may represent decline of demi-span with age, in which case DEH will underestimate maximal adult height. However, the difference in demi-span with age is shown to be considerably less than the height measurement as shown in cross-sectional surveys (3, 19, 26) , which suggests that this apparent decrease is most likely to be a cohort effect reflecting the increasing height of successive cohorts during the 20th century (20, 21) . It is difficult to show the true difference between measurements with this type of study design. The only way to test this is with a cohort study, by measuring height and demi-span at 10 to 20 y intervals throughout adult life. This has not been done; no current cohorts have measured demi-span in middle age to allow repeated measurement in the same individuals. Sixty percent of the participants had both a height and demi-span measurement. To attempt to correct for unequal sample selection and nonresponse, specific statistical weighting was included (24) . Cross classification analysis in the younger participants has shown a close agreement in participants' DEH new and measured height. We recommend that our new, more robust equations should be used for younger people currently in their 20s-40s when current height cannot be measured. DEH Bassey should be used to estimate maximal adult height only for people currently aged $ 60 y, with our new, more robust equations being used for younger people as they age.
We have derived new, more robust equations using a large nationally representative sample of people aged 25-45 y that can be used now as a proxy for height in people in their 20s and 40s when a height measurement cannot be obtained. This is of importance, e.g., when screening individuals for malnutrition, such as on hospital admission. DEH new can be used in the future to predict maximal height in the current cohort of younger adults as they age.
